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Summary
Hypothesis:  Clinically,  subscapularis  tendon  tears  are  suggested  by  the  presence  of  increased
passive external  rotation  compared  to  the  opposite  side,  resisted  internal  rotation  manoeuvres
(Lift-Off  test  [LOT],  Belly-Press  test  [BPT],  Napoleon  test  and  Bear-Hug  test  [BHT]  and  positive
Internal Rotation  Lag  Sign  and/or  Belly-Off  Signs).  Associated  bicipital  involvement  is  frequent
with subscapularis  tendon  tears,  because  it  participates  in  the  formation  of  the  biceps  pulley.
The Palm-Up  test  (PUT)  is  used  for  the  biceps,  and  the  Jobe  test  for  the  supraspinatus.
Material  and  methods:  In  this  multicenter  study,  we  evaluated  the  positive  diagnostic  value
of the  clinical  tests,  LOT,  BPT,  BHT,  PUT,  and  the  Jobe  test  for  subscapularis  tears  as  well  as
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their  anatomical  value.  The  relationships  of  the  different  parameters  studied  were  compared
statistically  by  analysis  of  variance  (ANOVA).  This  prospective  multicenter  study  was  performed
from January  2009  to  February  2010  and  included  208  cases  of  subscapularis  tendon  tears,
isolated  or  associated  with  partial  (Ellman  1,  2  or  3)  or  full  thickness  (SFA  stage  1)  supraspinatus
tears.
Results: The  severity  of  the  subscapularis  tear  was  quantiﬁed  according  to  the  SFA  classiﬁcation
into four  stages  and  according  to  the  level  of  injury  (the  lower  1/3  and  upper  2/3).  The  three
tests LOT,  BPT  and  BHT  were  correlated  to  the  severity  of  observed  tears  (P  <  0.05).  The  more
deﬁcient the  test  results  were,  the  more  severe  the  anatomical  damage.  The  LOT  is  the  test
that cannot  be  performed  most  often  (18%)  but  when  it  is  positive,  it  is  predictive  of  very  severe
tears. The  BHT  is  the  most  sensitive  of  all  tests  (82%).  The  frequency  of  biceps  involvement
was correlated  to  the  severity  of  subscapularis  damage.  There  was  no  signiﬁcant  correlation
between biceps  involvement  and  subscapularis  tests,  or  between  supraspinatus  involvement
and subscapularis  tests.  There  was  no  correlation  between  the  Palm-Up  test  and  subscapularis
tears with  associated  supraspinatus  involvement  however,  it  was  signiﬁcantly  correlated  to
biceps involvement  (P  <  0.05).  The  Jobe  test  was  disappointing  because  it  was  often  positive
even for  isolated  subscapularis  tears.
Conclusion:  Even  though  all  three  tests  were  performed  (LOT,  BPT,  BHT),  24%  of  the  subscapu-
laris tears  were  only  diagnosed  during  surgery.  The  role  of  the  Internal  Rotation  Lag  Sign  and
Belly-Off Sign  in  improving  the  diagnosis  of  tears  was  not  studied  in  this  work.
Level of  evidence:  II.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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Clinically,  subscapularis  tears  are  suggested  by  the  presence
of  increased  external  rotation  of  the  arm,  arm  and  elbow  to
the  body  (RE1)  compared  to  the  opposite  side  [1,2]  and  loss
of  strength  in  response  to  resistance.  Gerber  et  al.  [1],  were
the  ﬁrst  to  publish  and  popularize  tests  for  the  evaluation
of  subscapularis  tears:  the  Lift-Off  test  (LOT),  which  was
described  in  1991,  then  the  Belly-Press  test  (BPT)  described
in  1996,  because  certain  patients  were  incapable  of  per-
forming  the  LOT  because  of  pain  or  limited  joint  range  of
motion  [3].
The  Lift-Off  test  is  performed  by  placing  the  back  of  the
hand  of  the  arm  being  studied  on  the  mid  lumbar  spine
(Fig.  1)  [1].  The  patient  is  then  asked  to  perform  internal
rotation  by  lifting  the  hand  off  the  back  while  the  examiner
places  pressure  on  the  hand.  The  test  is  considered  positive
if  the  patient  cannot  resist,  lift  the  hand  off  the  back  or
if  she/he  compensates  by  extending  the  elbow  and  shoul-
der.  Although  this  test  is  very  speciﬁc  for  severe  tears,  it  is
not  highly  sensitive  for  partial  thickness  tears  [3—6]. Her-
tel  et  al.  [4]  showed  that  the  Internal  Rotation  Lag  Sign  can
increase  the  sensitivity  of  LOT  without  changing  the  speci-
ﬁcity.  The  examiner  holds  the  patient’s  elbow  as  well  as  the
patient’s  hand  in  maximum  internal  rotation  (by  lifting  the
dorsal  side  of  the  hand  as  far  as  possible  away  from  the
back).  The  patient  is  asked  to  remain  in  that  position  and
the  test  is  positive  if  the  arm  and  hand  suddenly  drops  by
more  than  5◦ (positive  lag  sign).  Hertel  explains  this  sensi-
tivity  by  the  fact  that  muscular  unity  can  be  tested  more
sensitively  when  it  is  maximally  shortened  [4].  This  helps
identify  the  smallest  subscapularis  tears  which  LOT  tends  to
miss  [4].
The  Belly-Press  test,  described  by  Gerber  et  al.  [3],  in
1996,  is  performed  with  the  arm  along  the  body  and  slightly
t
p
texed  (elbow  ‘‘forward’’),  the  elbow  ﬂexed  at  90◦ and
he  palm  of  the  hand  against  the  stomach  (Fig.  2).  The
atient  is  then  asked  to  perform  external  rotation  by  push-
ng  back  towards  the  abdomen  while  the  examiner  pushes
n  the  opposite  direction.  The  test  is  considered  positive  if
he  patient  cannot  resist,  or  if  s/he  compensates  by  ﬂexing
he  wrist  and  extending  the  arm.  Burkhart  et  al.  [7]  have
escribed  a  variation  of  this  test:  the  Napoleon,  in  which  the
atient  must  maintain  internal  rotation  by  pushing  the  palm
f  the  hand  against  the  abdomen  with  the  wrist  extended.
he  test  was  considered  positive  if  the  wrist  was  ﬂexed  at
0◦ and  intermediate  with  ﬂexion  between  30  and  60◦.  The
ore  extensive  the  tear,  the  greater  the  degree  of  positivity
f  the  Napoleon  test  [7].
The  sensitivity  of  the  BPT  can  also  be  increased  by  the
iagnostic  Belly-Off  Sign,  described  by  Scheibel  et  al.  [5],
n  2005.  The  patient  is  in  the  same  position  as  previously,
hen  the  examiner  creates  a  maximum  of  internal  rotation
y  pushing  the  patient’s  hand  against  his/her  abdomen.  The
atient  is  asked  to  maintain  the  position  and  if  the  exam-
ner  identiﬁes  sudden  external  rotation  when  s/he  removes
er/his  hand,  the  test  is  positive.  The  author  describes  a
ate  of  sensitivity  and  speciﬁcity  of  nearly  100%  making  this
est  promising  for  the  subscapularis,  although  it  should  be
alidated  by  another  author  [5].
More  recently,  a new  test  was  described  by  Barth  et  al.
6]  in  2006  called  the  Bear-Hug  test  (BHT).  The  BHT  is  per-
ormed  by  asking  the  patient  to  place  the  palm  of  his  hand
n  the  contralateral  shoulder,  with  the  ﬁngers  extended  (to
void  gripping),  the  arm  is  in  anteﬂexion  and  the  elbow  at
0◦ (Fig.  3).  The  patient  is  asked  to  perform  internal  rota-
ion  with  resistance  from  the  examiner  who  tries  to  remove
he  hand  from  the  patient’s  shoulder  using  force  that  is  per-
endicular  to  the  axis  of  the  palm.  The  test  is  positive  if
he  patient  cannot  resist.  As  with  each  of  these  tests,  the
S180  J.  Barth  et  al.
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esults  of  the  BHT  are  in  comparison  to  the  controlateral
ide  to  deﬁne  any  weakness.  Pain  can  also  be  analyzed  dur-
ng  the  test.  The  BHT  seems  to  be  more  sensitive  than  the
OT  to  small  partial  thickness  tears  of  the  upper  2/3  of  the
ubscapularis  [6].
Bicipital  involvement  is  frequently  associated  with  sub-
capularis  tears  because  of  the  close  anatomical  relationship
f  the  two  [8—11]. Clinical  exploration  of  the  biceps  is  often
erformed  with  the  Palm-Up  test  (PUT).  This  is  resisted  ﬂex-
on  of  the  elbow,  arm  and  elbow  against  the  body,  with  the
lbow  ﬂexed  at  90◦ and  the  palm  of  the  hand  facing  upwards.
his  test  can  identify  a  tear  of  the  long  portion  of  the  biceps
LPB),  by  the  presence  of  a  bunched  muscle  (Popeye  sign),
r  acute  pain  in  the  bicipital  groove  in  case  of  LPB  damage.
lthough  isolated  subscapularis  tendon  tears  are  a  speciﬁc
ntity  of  rotator  cuff  tears,  limited  posterior  extension  of
he  tear  towards  the  supraspinatus  can  be  included  [12].
he  Jobe  test  is  the  most  common  test  to  explore  strength
eﬁcits  linked  to  a  supraspinatus  tear  [13]. This  includes
Figure  2  Gerber  Belly-Press  test.
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aising  the  scapula  to  90◦ of  antepulsion  with  resistance,
he  elbow  extended  and  the  thumbs  facing  down.
The  aim  of  this  study  was  to  evaluate  the  diagnostic  value
f  ﬁve  clinical  tests:  LOT,  BPT,  BHT,  PUT,  and  Jobe,  in  a
opulation  presenting  with  deﬁnite  subscapularis  tears.
aterials and methods
his  was  a  prospective  multicenter  study  of  208  cases  of
ubscapularis  tears  including  11  centres  (Annecy,  Cambrai,
unkerque,  Grenoble,  Lille,  Libourne,  Lyon,  Nice,  Paris,
trasbourg)  from  January  2010  to  January  2011.  Patients
ere  included  in  the  study  during  arthroscopic  evaluation.
ases  included  isolated  subscapularis  tears  or  associated
ith  partial  (Ellman  1,  2,  or  3)  or  complete  supraspina-
us  tears  (stage  1  of  the  SFA  classiﬁcation).  The  choice  to
epair  the  tears  or  not,  and  the  choice  of  surgical  tech-
ique  was  left  up  to  the  surgeon.  Revision  surgery  for  rotator
uff  tears,  massive  tears  extending  to  the  supraspinatus  and
nfraspinatus  and  a  lack  of  a preoperative  diagnostic  video
ere  exclusion  criteria  for  the  study.  Preoperative  data  were
ollected  on  an  online  form  (Calimed©).  Preoperative  clini-
al  tests  (LOT,  BPT,  BHT,  PUT,  and  Jobe)  were  standardized
n  all  the  centres  thanks  to  a  video  which  was  sent  showing
ow  to  perform  each  of  the  tests  (as  well  as  the  descrip-
ions  provided  above),  before  beginning  inclusions.  For  each
est  a  subjective  analysis  of  strength  was  requested  (normal
trength,  deﬁcient  strength,  no  strength)  and  the  presence
f  pain  was  noted  during  the  test.  A  descriptive  analysis
f  cuff  tears  was  performed  afterwards  on  the  208  videos
ecorded  by  the  12  centres  and  observed  by  four  surgeons.
hese  surgeons  classiﬁed  subscapularis  tears  into  four  types.
ype  1  included  partial  thickness  tears  with  ﬁbers  of  the
ubscapularis  detached  from  the  lesser  tuberosity,  without
njury  to  the  bicipital  groove.  Type  II  corresponded  to  par-
ial  thickness  tears  of  the  ﬁbers  of  the  subscapularis  from
he  lesser  tuberosity  associated  with  a  partial  tear  from  the
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Table  1  Preoperative  range  of  motion  in  patients  included  in  the  series  (n  =  208).
Range  of  motion  Anterior  elevation  Internal  rotation  Internal  rotation  (Constant  score/10)
Group  1  (◦)  Group  2  (◦)  Group  1  (◦)  Group  2  (◦)  Group  1  Group  2
Mean  152  150  49  43  4.5  5.4
Minimum 50  20  0  10  1  1
Maximum 180  180  90  80  10  10
Table  2  Analysis  of  internal  rotation  according  to  the  Constant  score  in  relation  to  the  subscapularis  tear  in  isolated  tears.
Group  1 Stage  1  (6) Stage  2  (35) Stage  3  (21) Stage  4  (19)  Total  (81)
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medial  wall  of  the  bicipital  groove,  but  with  preservation  of
the  superior  glenohumeral  ligament.  Type  III  corresponded
to  complete  detachment  of  the  subscapularis  from  the  lesser
tuberosity  associated  with  signiﬁcant  disruption  of  the  bicip-
ital  groove.  Type  IV  corresponded  to  complete  detachment
of  subscapularis  ﬁbers,  creating  a  ‘‘comma  sign’’  with  the
meeting  of  the  subscapularis  and  supraspinatus  ﬁbers.  We
also  divided  the  level  of  subscapularis  tears  into  two  groups
(the  lower  1/3  and  the  upper  2/3),  and  used  the  Ellman
classiﬁcation  to  identify  partial  thickness  tears  of  the  deep
supraspinatus  (grade  1:  <  3  mm;  grade  2:  3—6  mm  or  approxi-
mately  50%  of  the  tendon  thickness;  grade  3:  >  6  mm  or  >  50%
of  the  tendon  thickness)  and  we  analyzed  the  morphology
and  the  position  of  the  biceps  in  relation  to  the  bicipital
groove.  The  biceps  could  be  normally  centered,  subluxated,
dislocated  or  torn.  A  correlation  could  then  be  evaluated
between  clinical  tests  and  observed  lesions.  We  deﬁned  two
groups:  Group  1  (called  homogenous)  including  isolated  sub-
scapularis  tears,  and  tears  associated  with  Ellman  grade  1
partial  thickness  supraspinatus  tears  and  Group  2  (called
heterogenous)  including  subscapularis  tears  associated  with
Ellman  grade  2  and  3  supraspinatus  tears  and  SFA  stage  1  full
thickness  tears.
We  chose  an  analysis  of  variance  for  the  statistical  anal-
ysis  of  the  correlations  between  the  different  parameters
with  a  linear  ﬁxed-effects  model  rather  than  an  analysis  of
correlations.  P  <  0.05  was  considered  to  be  signiﬁcant.
Results  of  208  ﬁles  were  analyzed.  On  the  other  hand,
data  were  missing  from  several  ﬁles.  The  data  actually
t
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Table  3  Evaluation  of  strength  during  the  ﬁve  clinical  tests  in  all
Test Could  not  be  performed  (%)  No  strength  (%)  
LOT 38  (18)  35  (21)  
BPT 4  (2)  42  (21)  1
BHT 9  (4)  76  (41)  
PUT 7  (3)  151  (92)  
JOBE 9  (4)  158  (81)  
UK: unknown.
The percentages in the columns ‘‘could not be performed» and ‘‘UK’’
the three other columns are in relation to the number of patients who
the three columns ‘‘no strength’’, ‘‘deﬁcient strength’’ and ‘‘normal s4.8  4.7  5
vailable  for  each  statistical  test  were  systematically
entioned  in  the  results.
In  certain  cases  the  proportion  of  data  in  each  category
as  expressed  as  a  percentage.  Because  of  rounding  errors
hen  reading  of  the  tables  of  results,  the  sum  of  the  pro-
ortions  could  be  different  from  100  %.  For  example  data
istributed  homogenously  into  three  categories  resulted  in
3  %  per  category,  thus  an  apparent  total  of  99  %.  Thus,  this
as  not  a  reporting  or  calculation  error.
esults
his  prospective  study  included  208  ﬁles.  The  series  included
37  men  (66%)  and  71  women  (34%),  150  right  sides  (72%)
nd  58  left  sides  (28%).  The  lesions  identiﬁed  during  diag-
ostic  arthroscopy  were  isolated  subscapularis  tears  in  52
ases  (25%),  a  subscapularis  tear  associated  with  a  partial
hickness  supraspinatus  tear  in  68  cases  (33%),  and  a  sub-
capularis  tear  associated  with  a  full  thickness  supraspinatus
ear  (stage  1  of  the  SFA  classiﬁcation)  in  88  cases  (42%).  Par-
ial  tears  of  the  supraspinatus  included  29  grade  1  (14%),  28
rade  2  (13%)  and  11  grade  3  (5%)  in  the  Ellman  classiﬁca-
ion.  Thus  Group  1  included  81  cases  (isolated  subscapularis
ears)  and  Group  2  (subscapularis  and  associated  supraspina-
us  tears)  included  127  cases.  Distribution  of  subscapularis
ears  according  to  the  four  stages  of  the  SFA  classiﬁcation
ncluded  in  Group  1,  six  type  I  (7%)  cases,  35  type  II  (43%),
1  type  III  (27%)  and  19  type  IV  (23%),  and  in  Group  2,12
 patients  (n  =  208).
Deﬁcient  strength  (%)  Normal  strength  (%)  UK  (%)
87  (53)  43  (26)  5  (2)
12  (56)  47  (23)  3  (1)
74  (40)  34  (19)  15  (7)
14  (8)  36  (17)
36  (19)  5  (2)
 are in relation to the total of 208 patients. The percentages of
 were tested and for whom there is a result, that is the sum of
trength’’.
S J.  Barth  et  al.
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Table  4  Evaluation  of  pain  during  the  ﬁve  tests  in  all
patients  (n  =  208).
Pain  No  (%)  Yes  (%)  NP  (%)  UK  (%)
LOT 20  (12)  145  (88)  4  (2)  39  (19)
BPT 36 (21) 136 (79)  3 (1)  33  (16)
BHT 29 (19) 124 (81)  11 (5)  44 (21)
PUT 12 (6) 182 (94)  3 (1)  11 (5)
JOBE 18  (11)  147  (89)  7  (3)  36  (17)
NP: not pertinent; UK: unknown.
The percentages of the ‘‘NP’’ and ‘‘UK’’ columns are calculated
in relation to the total of 208 patients. The percentages in the
column ‘‘No’’ and ‘‘Yes’’ are calculated in relation to the total
number of ‘‘No’’ and ‘‘Yes’’ responses, that is the number of
patients in these two columns.
Table  5  Comparison  of  results  of  the  three  subscapularis
tests  in  relation  to  strength  and  pain.
Pain  No  (%)  Yes  (%)  NP  (%)
LOT  no  strength  (31)  0  100  0
LOT deﬁcient  strength  (79)  13  86  1
LOT normal  strength  (31)  58  39  3
BPT no  strength  (37)  11  89  0
BPT deﬁcient  strength  (96)  10  89  1
BPT normal  strength  (40)  50  45  5
BHT no  strength  (64)  5  95  0
BHT deﬁcient  strength  (69)  6  94  0
BHT normal  strength  (31)  42  55  3
n: number of patients per category.
Percentage: in proportion to the number of patients in the cat-
P
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ype  I  (9%),  58  type  II  (46%),  26  type  III  (21%)  and  31  type  IV
24%).
There  were  more  men  than  women  in  the  two  groups  with
0  %  in  Group  1  and  59  %  in  Group  2.  The  mean  age  was  56.7
ears  old  (range  41—76)  in  Group  1  and  58.3  years  old  (range
7—81  years  old)  in  Group  2.
The  cause  of  the  tear  was  a  single  trauma  in  106  cases
51%),  recurrent  trauma  in  20  cases  (10%),  due  to  degener-
tive  disease  in  81  cases  (39%),  and  the  cause  was  unknown
UK)  in  one  case.  The  proportion  of  traumatic  cases  com-
ared  to  degenerative  cases  was  similar  in  both  groups:  31
38  %)  degenerative  cases/50  (62  %)  traumatic  cases  in  Group
 and  40  (38%)  degenerative  cases/76  (60%)  traumatic  cases
nd  one  of  unknown  cases  in  Group  2.  A  one-way  analysis  of
ariance  (Group  1  or  2)  did  not  show  any  signiﬁcant  differ-
nce  between  the  two  groups  for  the  proportion  of  traumatic
ases  (F(1,205)  =  0.041,  P  =  0.84).
Preoperative  range  of  motion  is  reported  in  Table  1.  In
roup  1  there  was  increased  external  rotation  and  limited
nternal  rotation  compared  to  Group  2.  Mean  external  rota-
ion  was  48.7◦ in  Group  1  and  43.2◦ in  Group  2  respectively,
hich  was  signiﬁcantly  different  between  the  two  groups
P  =  0.047).  The  more  internal  rotation  was  limited,  the  more
evere  the  subscapularis  injury  was  (Table  2).
The  mean  Constant  score  was  51.9/100  (range  12—88)  in
roup  1  and  51.2/100  (range  12—86)  in  Group  2.
Analysis  of  the  results  of  different  tests  in  relation
o  strength  and  pain  during  the  test  are  reported  in
ables  3  and  4.
Although  these  three  clinical  tests  were  systematically
erformed  to  evaluate  the  subscapularis  tears,  50  of  208
ubscapularis  tears  were  identiﬁed  during  surgery,  or  24%.
The  LOT  could  not  be  performed  in  18%  of  the  cases.  The
ercentage  of  false  negatives  was  18%  for  BHT  in  relation  to
he  total  number  of  patients  for  whom  results  of  this  test
ere  available  (19  %  in  relation  to  the  number  of  patients
ho  passed  the  test),  while  these  values  were  21%  and  26  %
or  the  LOT  test  and  23%  and  23%  for  the  BPT  respectively.
Test  results  and  pain  during  testing  were  used  to  cal-
ulate  sensitivity.  Results  were  known  for  141  patients  for
he  LOT,  173  patients  for  the  BPT  and  164  patients  for  the
HT.  Sensitivity  (Se)  was  determined  in  three  tests  and  was
espectively:  SeLOT  =  74%,  SeBPT  =  76%,  SeBHT  = 82%.  The
NOVA  showed  that  the  presence  of  pain  was  associated
ith  the  results  of  the  test  in  three  cases  (F(2,138)  =  19.50,
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Table  6  Distribution  of  patients  in  relation  to  the  SFA  classiﬁcati
SFA  classiﬁcation  Type  I  (%)  
LOT  no  strength  (35)  0  (0)  1
LOT deﬁcient  strength  (87)  6  (7)  4
LOT normal  strength  (43)  10  (23)  2
BPT no  strength  (42)  1  (2)  
BPT deﬁcient  strength  (112)  8  (7)  5
BPT normal  strength  (47)  8  (17)  3
BHT no  strength  (76)  2  (3)  2
BHT deﬁcient  strength  (74)  9  (12)  3
BHT normal  strength  (34)  3  (9)  2
n: number of patients per category.
Percentage: in proportion to the number of patients in the category.egory.
 =  3.5e-08  for  the  LOT,  F(2,170)  =  11.76,  P  =  1.6e-05  for  the
PT  and  F(2,161)  =  14.2,  P  =  2.1e-06  for  the  BHT  respec-
ively).  The  positive  tests  were  deﬁcient  and  painful.  The
esults  are  shown  in  Table  5.
A  strong  correlation  between  the  severity  of  the  deﬁcit
n  the  test  results  and  the  severity  of  the  tear  according  to
he  SFA  4  stage  classiﬁcation  was  found  for  all  the  tests:
OT  (F(2,161)  =  13.46,  P  =  3.94e-06),  BPT  (F(2,197)  = 26.20,
 =  8.15e-11)  and  BHT  (F(2,180)  =  7.22,  P  =  0.00097).  The
on  of  supscapularis  tears,  and  the  subscapularis  test  results.
Type  II  (%)  Type  III  (%)  Type  IV  (%)
0  (29)  10  (29)  15  (43)
2  (48)  21  (24)  18  (21)
5  (58)  3  (7)  5  (12)
7  (17)  12  (29)  22  (52)
1  (46)  29  (26)  24  (21)
2  (68)  5  (11)  2  (4)
9  (38)  18  (24)  27  (36)
3  (45)  20  (27)  12  (16)
1  (62)  7  (21)  3  (9)
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Table  7  Correlation  between  the  tests  and  the  SFA  classiﬁcation  of  subscapularis  tears  in  Group  1.
Group  1 Type  1n  =  6  (%)  Type  2n  =  35  (%)  Type  3n  =  21  (%)  Type  4n  =  19  (%)  n  =  81  (%)
Positive  LOT  67  62  95  95  84
Positive BPT  67  65  90  100  81
Positive BHT  67  67  95  95  88
Positive JOBE  100  73  
Table  8  Distribution  of  patients  according  to  the  level  of
the tear,  and  the  different  subscapularis  test  results.
Level  of  the  tear Lower  1/3  (%) Upper  2/3  (%)
LOT  no  strength  (26)  9  (35)  17  (65)
LOT deﬁcient  strength  (67)  31  (46)  36  (54)
LOT normal  strength  (42)  33  (79)  9  (21)
BPT no  strength  (31)  5  (16)  26  (84)
BPT deﬁcient  strength  (91)  44  (48)  47  (52)
BPT normal  strength  (45)  35  (78)  10  (22)
BHT no  strength  (n  =  59)  22  (37)  37  (63)
BHT deﬁcient  strength  (60)  36  (60)  24  (40)
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iBHT normal  strength  (34)  18  (53)  16  (47)
n: number of patients per category.
more  deﬁcient  the  test  results  were,  the  more  severe  the
tear  was.  The  results  are  shown  in  Table  6.
In  Group  1  (isolated  subscapularis  tears),  the  degree  of
test  positivity  increased  signiﬁcantly  in  proportion  to  the
severity  of  the  subscapularis  tear  (P  <  0.05),  (Table  7).  The
Jobe  test  was  also  frequently  positive,  including  in  isolated
subscapularis  tears.
The  results  of  the  subscapularis  tests  were  signif-
icantly  correlated  to  the  level  of  subscapularis  tear
(LOT:  F(2,132)  =  3.23,  P  =  0.000277;  BPT:  F(2,164)  =  16.67,
P  =  2.58e-07;  BHT:  F(2,150)  =  3.23,  P  =  0.0421).  The  results
are  summarized  in  Table  8.  Involvement  of  the  biceps
increased  with  the  severity  of  the  subscapularis  tear.  In
Group  1,  bicipital  tears  were  observed  during  arthroscopy
in  a  mean  65%  of  cases  and  in  33%  of  type  1,  57%  of  type
2,  75%  of  type  3,  and  72%  of  type  4  cases  respectively.
Nevertheless  there  was  no  signiﬁcant  correlation  between
biceps  tears  and  subscapularis  tests  (LOT:  F(2,126)  =  0.73,
P  =  0.49;  BPT:  F(2,155)  =  0.46,  P  =  0.64;  BHT:  F(2,145)  =  1.76,
P  =  0.18).  Except  for  the  BPT,  there  was  no  signiﬁcant  cor-
relation  between  supraspinatus  tears  and  the  subscapularis
b
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Table  9  Distribution  of  patients  according  to  biceps  involvement
LPB  Unstable  (dislocated
or  subluxated)  (%)
Stable  but
pathologica
Positive  LOT  (165)  84  (51)  31  (19)  
Positive BPT  (201)  100  (50)  36  (18)  
Positive BHT  (184)  96  (52)  32  (17)  
PUT (165)  84  (51)  30  (18)  
Positive PUT  (151)  79  (52)  28  (19)  
Negative PUT  (14) 5  (36)  2  (14)  
In parentheses in the ﬁrst column (total group).100  100  75
est (LOT:  F(1,163)  =  0.27,  P  =  0.60;  BPT:  F(1,199)  =  4.14,
 =  0.043;  BHT:  F(1,182)  =  0.56,  P  =  0.46).  The  results  are
ummarized  in  Tables  9  and  10.
Analysis  of  the  results  did  not  show  any  relationship
etween  subscapularis  tears  and  the  level  of  the  tear,  asso-
iated  supraspinatus  tears  or  the  results  of  the  Palm-Up
est  respectively  (F(1,162)  =  0.50,  P  =  0.48  for  subscapularis
ears;  F(1,134)  =  0.08,  P  =  0.77  for  the  level  of  the  tear;  and
(1,163)  =  0.11,  P  =  0.74  for  associated  supraspinatus  tears).
n  the  other  hand  biceps  involvement  was  statistically
orrelated  with  a  positive  Palm-Up  test  (F(1,129)  =  7.04,
 =  0.0090).
iscussion
he  analysis  of  variance  with  a  linear  ﬁxed-effects  model
as  chosen  for  statistical  analysis  in  this  study  instead  of
raditional  correlation  analysis.  Indeed,  a  correlation  study
etermines  whether  two  values  are  related  by  a speciﬁc
athematical  model  without  searching  for  a  relationship
f  cause  and  effect  between  these  two  values.  The  ANOVA
etermines  whether  a  value  depends  upon  factors  which
ould  inﬂuence  it.  Performing  one-way  ANOVA,  is  the
quivalent  of  estimating  whether  one  value  depends  upon
nother,  which  is  conceptually  similar  to  a  correlation  study
ith  in  addition,  a cause  and  effect  relationship.  Compared
o  a  correlation  study,  the  ANOVA  supposes  a  link  of  depen-
ency  between  one  variable  and  other,  which  is  not  true  in
 correlation  study.  On  the  other  hand  it  has  the  advantage
f  being  more  ﬂexible  in  the  choice  of  mathematical  model,
ot  to  require  an  ordered  relationship  for  the  factor  values,
nd  to  easily  integrate  multifactorial  models  [14]. The  main
nterest  of  this  prospective  study  was  to  diagnose  tears
ased  on  a  reliable  anatomical  reference,  on  tests  recorded
n  video  and  interpreted  by  four  independent  observers.  On
he  other  hand,  the  presence  of  subscapularis  tears  alone
n  this  study  and  the  absence  of  false  positives  made  it
 and  the  results  of  the  different  subscapularis  tests.
l  (%)
Normal  (healthy
and  centered)  (%)
Torn  (%)  NR  (%)
22  (13)  14  (8)  14  (8)
27  (13)  22  (11)  16  (8)
22  (12)  20  (11)  14  (8)
21  (13)  17  (10)  13  (8)
19  (13)  12  (8)  13  (9)
2  (14)  5  (36)  0  (0)
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Table  10  Distribution  of  patients  in  relation  to  the  type  of  supraspinatus  tear  and  the  different  subscapularis  test  results.
Supraspinatus  tear  None,  isolated
subscapularis  tear  (%)
Grade  1
Ellman  (%)
Grade  2
Ellman  (%)
Grade3
Ellman  (%)
Full  thickness  tear
SFA  stage  1  (%)
LOT  no  strength  (35)  8  (23)  3  (9)  3  (9)  1  (3)  20  (57)
LOT deﬁcient  strength  (87)  25  (29)  18  (21)  13  (15)  6  (7)  25  (29)
LOT normal  strength  (43)  8  (19)  5  (12)  6  (14)  1  (2)  23  (53)
BPT no  strength  (n  =  42)  14  (33)  3  (7)  2  (5)  2  (5)  21  (50)
BPT deﬁcient  strength  (n  =  112) 29  (26)  17  (15)  20  (18)  6  (5)  40  (36)
BPT normal  strength  (n  =  47) 7 (15)  8  (17)  6  (13)  3  (6)  23  (49)
BHT no  strength  (n  =  76) 19 (25)  9 (12)  14  (18)  2  (3)  32  (42)
BHT deﬁcient  strength  (n  =  74) 23 (31)  12 (16)  10 (14)  6 (8)  23 (31)
BHT normal  strength  (n  =  34) 5 (15)  5 (15)  3 (9)  3 (9)  18 (53)
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lIn parentheses in the ﬁrst column (total group).
mpossible  to  perform  other  statistical  analyses,  in  par-
icular  for  the  speciﬁcity,  positive  predictive  value  and
egative  predictive  value  of  each  test.  Although  this  is  not
n  entirely  homogeneous  series  of  isolated  subscapularis
esions,  to  our  knowledge  this  study  includes  the  largest
opulation  of  isolated  subscapularis  tears  evaluated  either
n  open  surgery  or  endoscopically  (Group  1:  81  cases)
ecause  the  series  reported  in  the  literature  have  included:
6  cases  (Gerber  et  al.  [1]),  21  cases  (Nové-Josserand  et  al.
15]),  25  cases  (Burkhart  et  al.  [7])  and  17  cases  (Lafosse
t  al.  [16]). Although  the  three  clinical  tests  (LOT,  BPT
nd  BHT)  were  used,  24%  of  the  subscapularis  tears  were
iagnosed  during  surgery.  This  rate  of  chance  discoveries
s  nevertheless  lower  than  in  the  study  by  Barth  et  al.  [6].
hese  usually  involved  limited,  partial  thickness  tears,  as
n  other  series  in  the  literature  [4—6]. We  did  not  study
he  inﬂuence  of  increasing  the  sensitivity  of  the  three  most
ommon  tests  using  the  IRLS  and  Belly-off  sign  to  improve
he  preoperative  diagnostic  rate  [4,5].
Our  study  shows  that  positive  results  with  the  three  tests
LOT,  BPT  and  BHT)  conﬁrmed  the  presence  of  a  subscapu-
aris  tear,  even  if  these  tests  could  miss  small  subscapularis
ears,  or  if  they  were,  at  times,  negative.  The  more  severe
he  tendon  tear,  the  more  deﬁcient  the  test  results  were,
oth  for  anatomical  type  and  the  level  of  the  tear.  Pen-
ock  et  al.  [17]  has  shown  that  the  subscapularis  is  activated
hatever  the  position  of  the  arm  during  each  of  these  tests.
he  LOT  cannot  always  be  performed  (in  18%  of  the  cases
n  our  series)  because  of  pain  or  limited  range  of  motion
n  the  shoulder  [5—7,18]. On  the  other  hand,  if  the  LOT  is
erformed  and  positive  it  is  more  sensitive  for  the  diagno-
is  of  severe  subscapularis  tears  which  conﬁrms  the  results
n  the  literature  [1,3—6]. Electromyographic  results  by  Tok-
sh  et  al.  [19]  have  shown  that  the  BPT  activates  the  upper
bers  in  particular,  while  LOT  activates  the  lower  ﬁbers.  For
arth  et  al.  [6],  BHT  seems  to  be  more  sensitive  in  detec-
ing  small  tears  of  the  proximal  subscapularis.  In  our  study,
lthough  the  BHT  also  seemed  to  be  more  sensitive,  it  was
lightly  more  sensitive  for  severe  tears  (type  3  and  4  SFA)  and
ears  of  the  upper  2/3  of  the  subscapularis.  This  difference
ay  be  explained  by  the  results  of  the  electromyographictudy  by  Chao  et  al.  [20]  which  shows  that  ﬂexion  of  the
rm  segment  does  indeed  inﬂuence  activation  of  ﬁbers  but
ifferently  than  in  the  way  suggested  by  Tokish  et  al.  [19].
hao  et  al.  [20]  showed  that  BPT  and  BHT  at  45◦ ﬂexion
s
s
s
aere  good  to  evaluate  the  ﬁbres  of  the  superior  subscapu-
aris,  while  BHT  at  90◦ ﬂexion  (as  in  this  multicenter  study)
as  a good  test  to  evaluate  the  function  of  ﬁbres  of  the  infe-
ior  subscapularis.  The  different  tests  are  least  disturbed  by
ther  medial  rotators  such  as  the  pectoralis  major  and  the
atissmus  dorsi,  with  the  arm  segment  in  90◦ elevation  [20].
his  explains  why  the  BHT  is  more  sensitive  than  the  other
ests  (LOT  and  BPT).
Associated  bicipital  tears  are  a  sign  of  associated  injury
o  the  biceps  pulley  in  severe  subscapularis  tears  which
ave  also  been  reported  in  the  literature  at  a  frequency  of
1—86%  [1,3,14,17,21—23].
Our  study  showed  that  a  positive  Palm-up  test  is  statis-
ically  correlated  to  the  presence  of  a  bicipital  tear  which
oes  not  conﬁrm  the  results  of  the  study  by  Beaudreuil  et  al.
24].  Nevertheless  the  few  number  of  negative  tests  (n  =  14
ases)  in  our  study,  makes  it  impossible  to  draw  conclusions
n  the  diagnostic  value  of  these  results.  On  the  other  hand,
he  Jobe  sign  cannot  be  considered  a  very  speciﬁc  test  for
he  supraspinatus  because  it  is  often  positive  in  the  presence
f  isolated  subscapularis  tears  (Group  1).
There  is  a  statistically  signiﬁcant  relationship  between
he  presence  of  a  supraspinatus  tear  and  the  BHT  (P  [0.043]),
hich  is  close  to  the  limit  of  signiﬁcance  (0.050).  Therefore
his  result  should  be  interpreted  with  caution,  and  could  be
ue  to  a  statistical  bias.
In  our  series,  unlike  the  results  of  Barth  et  al.  [6]
upraspinatus  or  bicipital  involvement  did  not  seem  to  be
orrelated  to  positive  subscapularis  tests,  including  the  BHT.
ecause  of  the  lack  of  false  positives  and  the  cohort  of  sub-
capularis  tears  alone,  we  cannot  conﬁrm  our  hypothesis
hat  these  three  tests  are  highly  speciﬁc  (LOT,  BPT  and  BHT)
or  subscapluaris  tears.
onclusion
his  prospective  multicenter  study  conﬁrms  that  the  LOT,
PT  and  BHT  tests  are  valid  and  are  strongly  correlated
o  the  severity  of  subscapularis  tendon  tears  (both  their
evel  and  anatomical  type).  The  BHT  is  a  more  effective  and
hould  be  performed  at  90◦ of  ﬂexion  to  test  the  inferior  sub-
capularis  and  at  45◦ (in  association  with  the  BPT)  to  test  the
uperior  subscapularis.  The  two  other  tests  should  be  associ-
ted  (LOT  and  BPT)  to  minimize  the  risk  of  underestimating
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[Diagnosis  of  subscapularis  tendon  tears  
the  presence  of  small  subscapularis  tears,  because  one  quar-
ter  of  subscapularis  tears  are  discovered  during  surgery.
A  negative  LOT,  a  positive  BPT  and  a  negative  BHT  (90◦)
suggest  a  limited  partial  thickness  tear.  If  the  BHT  at  90◦ is
also  positive,  this  suggests  that  the  tear  involves  the  superior
subscapularis.  Positive  results  in  the  three  tests  and  a  signif-
icant  loss  of  strength  suggest  a  severe  lesion  (full  thickness
tendon  tear  with  retraction  or  type  4)  and  requires  rapid,
surgical  management.
Other  studies  are  necessary  to  analyze  the  inﬂuence  of
associating  these  three  tests  with  the  Internal  Rotation  Lag
Sign  and/or  Belly-Off  Sign  on  the  rate  of  false  negatives.
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